Abstract-The stochastic character of asymmetrical loads in power networks emerged due to non-simultaneous activation of phases of various single-phase and polyphase receivers, nonlinear characteristics of transformers and other reasons have caused the occurrence of currents and voltages of zero sequence. These electrical quantities with currents and voltages of direct sequence in a negative sense affect the asymmetry of phase voltages in networks on places where loads are connected. In this paper, the presented load is induction machine with coil connection in star connected to generic distribution system TN. We analyze the possibilities of simple CL structures of filter in the role of the device for correction of asymmetries to a network, which can be entered by zero sequence current occurred for some reason in induction machine (mostly non-simultaneous switching of phase coils of induction machine).
I. INTRODUCTION
Examinations show that in electric networks, phase voltages are essentially asymmetrical and voltage deviations significantly exceed the values of rated voltage ±(10-15)%. The matrix method, grapho-analytical method and method of tensor calculus can be used for analysis and obtaining of parameters of the device for correction of asymmetries of phase voltages with configuration of arbitrary complexity [1] . When considering the operation of the device for correction of possible asymmetries in three-phase systems we start from the condition [2, 3] : is a component of zero sequence current occurred because of asymmetrical load (here, it is induction machine).
In the paper generally is considered the distribution of zero sequence current and one of the measures for reduction of currents and voltages distortions that it produces, is the reduction of zero sequence impedances of the transformer (on the side of the network   and z Y 0 transformer coupling instead, for example, 0 Yy ). In the world today active filters are generally used for the correction of asymmetries [1, 4, 5, 6] . However, although the correction of asymmetries on load are achieved, the network impedances retain the high values and when zero sequence current is passing through, they have a great impact on the distortion of voltage symmetries in the nodes of power networks [7] . This is the main reason why in the continuation of the paper we made an effort to determine possible scheme and parameters of passive elements in the scheme switched in parallel with load [1, 4] . With them the redistribution of zero sequence currents is achieved and the improvement of the phase voltages symmetry is improved. One of the advantages of the scheme is that the change is not required, i.e. the regulation of parameters of capacitance C and inductance L of passive elements [8, 9] .
The paper is organized as follows: in Section 2 a scheme of the device for correction of asymmetries and the operation of the device in the regime where induction machine presents symmetrical and asymmetrical load are given. Matrix equations of m-phase device are presented in Section 3, where the emphasis is placed on two systems and calculation of symmetric components of currents in them. The expanded form of matrix equations in matrix procedure is given in Section 4. The simulation results on obtained theoretical model based on matrix equations is derived in Section 5. Finally, in Section 6 are presented some concluding observations.
II. REALIZATION OF METHODS FOR CORRECTION OF PHASE VOLTAGES -WEAKENING OF THE IMPACT OF ASYMMETRIES IN THE ELECTRICAL NETWORKS
For the illustration of the procedure the scheme of TN-C feeding system that has one directly grounded point, was used, Fig. 1 . The distributions of direct, inverse and zero sequence currents in the network are determined by the matrix method on selected load (induction machine) and through the selection of parameters of passive filter of reactive type C and L the possibility of correction of asymmetries of phase currents (voltages) is shown. Previously we discussed the role of neutral conductor in distributive TN system, Fig. 1 , composed of electrical energy source ( Below we discuss the operation of the device for correction of asymmetries in the regime where induction machine presents symmetrical and asymmetrical load.
A. Induction machine as symmetrical load
In this case, currents of zero sequence do not exist, and points O (fictive point that is not presented on vector diagram and refers to potential of neutral conductor) 1 O ,
B. Induction machine as asymmetrical load
If the character of the load of machine is asymmetrical, the zero sequence currents 0 l I flow through the choke, while the system of phase voltages on capacitors is asymmetrical:
Expressions for unbalance phase currents of  I ,  I
and  I that flow through capacitors may be included in relations (2) and the total value of the required compensating current is:
. (3) In order to fulfill the requirements for complete compensation of zero sequence current, the sum of phase voltages should be equal to zero, i.e, 0
, while compensation requires total current defined by relation:
From the expression (4) it follows that:
Zero sequence currents generated by asymmetrical load of the machine are not present on the "side of the network". The contour through which current flows includes only the induction machine and device for correction of asymmetries.
From a mathematical model of the device for correction of asymmetries at load feeding the expressions relating to analytical conditions by which we can test possible constructions of the devices for correction are obtained. Electric machine, with arbitrary internal structure of the stator and rotor is included in three-phase four-conducting system (three phases and zero conductor).
III. EQUATION
a phase asymmetrical load may be presented as multi-terminal and connection between the currents and voltages at the point in the network where the load is connected in the form of matrix as:
or in developed matrix form with:
By adopting the potential (voltage 0 V ) of neutral conductor the base rank of the matrix is reduced by one (from 4 to 3) and easily is passing to matrices of symmetrical components of voltages and currents. In equations that follow, the voltage is then phase structure of correction device is also required, which means that the six-terminal matrix must be composed. If matrix of sixterminal is split into coagulation matrices of the third order, the given values of phase currents and voltages are:
For system   I -the network system from which the load is fed, is: 
and for the system   II , where load is connected, is: 
. (12) The transition to the model with symmetrical component is achieved by application of matrices S , 
The relations of phase and symmetrical components in matrix form are: 
By replacing equation (14) in the equations (8) and (9) we obtain:
For the system   I to which corresponds the system of electric network, from which the load is fed, the symmetrical components of current are described by matrix equation:
. (16) and for the system   II corresponding to the place where the load is connected behind the potentially switched correction device, the symmetrical components of the currents are described by matrix equation:
. (17) Let in general case asymmetrical voltages represent linear combination of symmetrical components, ie.:
If equations (16) and (17) are included in equation (18) for the system   I the following is obtained:
and for the system   II is obtained:
IV. THE EXPANDED FORM OF MATRIX EQUATIONS IN MATRIX PROCEDURE
Equations (19) and (20) can be written in the expanded form by using new parameters k , n , m that is p , d , h , which can be considered as fictitious-calculation admittances that simplifies the calculation procedure: 
The most important issue in the analysis is determination of the impact of the device for correction of asymmetries on the line current in the feeding system (the impact on the network [12, 13] ).
If the device for correction of asymmetries does not exist, the matrices of input and output currents are equal: 
and currents of direct, inverse and zero sequence of phase
 
A can be calculated from the system of matrix equations (14) and (15) that come to following expressions: 
V. SIMULATION AND VERIFICATION OF THE MODEL
Simulations on previously obtained theoretical model based on matrix equations are performed on a model with the elements from the library in the MATLAB program (Simulink-Power System, psb3phasesignalseq) [14] . Values of parameters of the elements are presented on Fig.  3 .
The increase of power factor in the electric network with the different load characteristics is a very important segment in the design and exploitation of the networks system.
Positive results of reactive power compensation using the capacitors are well known in the literature and there is no need to emphasize them.
Methods for design of the device which will correct the power factor is not sufficiently accurate, and in the standards there are no concrete rules for evaluating the capacitance of the capacitors.
The increasing use of the power electronic devices in the power system networks is different, often non-linear; the character of the load complicates possible method of problem solving.
The value of capacitance for power factor correction in the network when induction machine parameters are nonlinear, significantly determines the harmonic spectrum of the current.
For determination of the capacitor capacitance in the general distribution system (network) with industrial frequency containing non-linear load of arbitrary reactive (LC) characteristic the model on In the analysis of the operation regime of the induction machines models for machines simulation and some of modern program packages such as MATLAB (SimulinkPower System) have been used.
Small disadvantage of simulation is that within the model of Simulink-Power System there were not possibilities for adaptation (the majority of given Obtained values of current components are significantly above the nominal and can cause uneven and increased heating of the stator and rotor windings, and voltage components affect the voltages in the network from which the machine is supplied.
In practice, when it is necessary to calculate parameters of the device for correction of asymmetries we start from the condition of limiting the maximal value of voltage at the terminals of three-phase combination of capacitors connected in star [15, 16] .
When the value of voltages exceeds the rated voltage for 10% of the core value of the current the currents obtain the values 3 1 1 , I / I rms  and LC filters must be used with capacitor and defined nominal capacitance C and inductance L .
Information on currents in neutral conductors is obtained by considering TN-C system which consists of symmetrical three-phase feeding system and three identical single-phase loads connected between the respective phase and neutral conductor (induction machine).
If the connection of capacitors is selected according to diagrams verify the proposed method for neutralization of zero sequence currents and correction of asymmetries of phase voltages in electric networks. MATLAB Sumulink programs quite accurately simulate the asymmetrical loads, but the customized development of both models and programs has special advantages, such as detailed insight into all components of the model and program, and introduction of various changes that otherwise could not be made in the available program packages.
VI. CONCLUSION
By eliminating the components of zero sequence currents at star connection of induction machine stator windings in can be influenced not only on the power factor correction but also on the correction of asymmetries of phase voltages and power factors in the networks at the points where load is connected. This procedure also reduces power losses and voltage drops. It is clear that in presented procedure, there are no additional elements for voltage regulation except the passive CL combination, which enables the correction of voltage asymmetries and increases the reliability of the machine.
The presented method shows that through determination of distribution of direct, inverse and zero sequence currents it is possible to establish the possibilities for correction of asymmetries by using the simple schemes with CL combinations, that is, through elements of the capacitance and inductive character.
The results of theoretical analysis show that simple CL schemes can provide conditions for improvement of symmetry of power network during the feeding even under extreme regimes, for example, when three-phase electrical induction machine passes from three-phase to single-phase feeding system from the network.
